Introduction {#sec1}
============

Conn's syndrome (CS), the primary hyperaldosteronism caused by adrenal adenoma, is one of the most common causes of secondary hypertension \[[@cit0001]\]. Nowadays, the primary surgical treatment of CS is laparoscopic or retroperitoneoscopic adrenalectomy. It is performed by a standard multiport or single incision approach and aims to normalize arterial blood pressure and biochemical parameters. It is considered a safe procedure with low mortality and significantly lower incidence of postoperative complications in comparison to the open approach \[[@cit0002]--[@cit0004]\]. While there are numerous studies analysing short-term outcomes, the data on long-term results are relatively sparse and usually comprise small cohort studies \[[@cit0005]--[@cit0007]\].

Aim {#sec2}
===

The aim of the study was to analyse short- and long-term results of laparoscopic adrenalectomy for CS.

Material and methods {#sec3}
====================

The study used a prospectively collected database, covering patients operated on for Conn's syndrome in the years 2004--2015 at the 2^nd^ Department of General Surgery, Jagiellonian University Medical College. All patients underwent laparoscopic lateral transperitoneal approach adrenalectomy (LTA) and, in selected cases, single incision surgery (SILS). Inclusion criteria were: (1) age ≥ 18 years, (2) the presence of tumour in diagnostic imaging (computed tomography or magnetic resonance imaging), (3) confirmed hormonal activity of the tumour (excessive secretion of mineralocorticosteroids). Patients were excluded from the study when: (1) full follow-up was not possible, (2) there was suspicion of malignancy in diagnostic imaging, (3) postoperative histopathology was different than adrenal adenoma or nodular adrenal hyperplasia.

Prior to surgery, all patients underwent a routine panel of laboratory tests to determine the hormonal activity of the tumour. The following parameters were measured: cortisol plasma level, free cortisol in urine, ACTH, DHEAS, 17-OH-progesterone, testosterone, plasma renin activity (PRA), aldosterone plasma level, daily secretion of methoxycatecholamines and vanillylmandelic acid (VMA) in urine. All patients underwent preoperative imaging (ultrasound, computed tomography, magnetic resonance imaging) or, if necessary, adrenal venous sampling was used to differentiate between unilateral and bilateral types of primary hyperaldosteronism (PA). Patients with clinical diagnosis of PA were referred to the Department of Endocrinology. Criteria used for PA diagnosis were described in "The Management of Primary Aldosteronism: Case Detection, Diagnosis, and Treatment: An Endocrine Society Clinical Practice Guideline" \[[@cit0008]\]. Apart from standard demographic and biochemical parameters, we additionally analysed the number of antihypertensive drugs and the duration of antihypertensive treatment prior to surgery.

Patients were operated on using the transperitoneal lateral laparoscopic access technique, similar to that described in other articles \[[@cit0009], [@cit0010]\]. After surgery, all patients followed regular surgical and endocrinological follow-up (1 month, 6 months and 24 months after surgery) to determine changes in the prevalence of symptoms and normalization of laboratory parameters.

Analysed short-term outcomes included: operative time, conversion rate, intraoperative blood loss and postoperative complications. Long-term outcomes analysis included: changes in the arterial blood pressure, plasma aldosterone level, PRA, normalization of electrolytes, changes in body mass index (BMI) and the amount of received antihypertensive drugs.

In subsequent analysis, all patients were divided into 3 groups according to the level of hypertension remission 6 months after the operation. Group 1 comprised patients with complete remission (mean systolic blood pressure \< 140 mm Hg and diastolic blood pressure \< 90 mm Hg without the need for any antihypertensive drugs; normalization of sodium and potassium levels). Group 2 comprised patients with a partial response (reduction in the number or doses of antihypertensive drugs \> 50%). Group 3 comprised patients with a lack of response (persistent hypertension or reduction in the number or doses of preoperative antihypertensive drugs \< 50%).

Groups were compared in terms of demographic parameters, tumour size and histopathological results.

We also analysed the severity and duration of arterial hypertension prior to surgery, as well as the aldosteronoma resolution score (ARS) to assess the predictors for complete remission of hypertension after surgery \[[@cit0011]\].

Statistical analysis {#sec3.1}
--------------------

Data were analysed using Statistica version 12.0 PL (StatSoft Inc., Tulsa, Oklahoma, USA).

Comparison of baseline data of patients was carried out using Student's *t*-test for normal distribution and the Wilcoxon rank test where the distribution was not normal. The ANOVA test was used to compare groups 1, 2 and 3. A general regression model was used to determine potential correlations.

Quantitative data are expressed as means or medians as appropriate. All procedures performed in studies involving human participants were in accordance with the ethical standards of the institutional and national research committee and with the 1964 Helsinki declaration and its later amendments or comparable ethical standards. The study was approved by the Ethics Committee of the Jagiellonian University.

Results {#sec4}
=======

Five hundred and ten laparoscopic adrenalectomies were performed in our unit in the years 2004--2015. In 56 (10.9%) cases patients were diagnosed with Conn's syndrome. The final analysis included 44 patients ([Figure 1](#f0001){ref-type="fig"}). Two patients were excluded from the analysis because of incomplete preoperative data. One patient died 18 months after surgery. The cause of death was not related to underlying disease or performed surgery. Nine patients were excluded from further analysis because of incomplete follow-up data. Demographic characteristics of the analysed population are presented in [Table I](#t0001){ref-type="table"}. Preoperative diagnostic imaging confirmed the type of benign adenomas in all patients, with the mean size of 24 mm (12--90 mm).

###### 

Baseline characteristics

  Parameter                                                           Value
  ------------------------------------------------------------------- ------------
  Adrenalectomy side right/left                                       12/32
  Gender (F/M)                                                        30/14
  Age, mean ± SD \[years\]                                            55.2 ±12.5
  Size of the tumour -- diameter, mean ± SD \[mm\]                    24 ±17
  BMI before surgery, mean ± SD \[kg/m^2^\]                           28.3 ±5.2
  Mean duration of hypertension before surgery, mean ± SD \[years\]   9.5 ±7.8

![Patients' flow through the study](WIITM-13-32446-g001){#f0001}

There were no incidents of conversion. The mean operative time was 83 ±31 min. Mean intraoperative blood loss was 52 ±87 ml. None of the patients required postoperative blood transfusions. During the postoperative period, 3 patients had postoperative nausea or vomiting. There was 1 case of deep surgical site infection in the 30-day postoperative period and 1 case of ischemic stroke on the 14^th^ postoperative day.

The mean follow-up period was 76 ±27 months. During the follow-up after 6 and 24 months sodium and potassium levels normalized in all patients. Similarly, the aldosterone and PRA were normal in all cases.

The average BMI before surgery was 28.3 kg/m^2^. There were no significant changes during the follow-up 6 months after surgery -- 28.0 kg/m^2^. Full analysis of biochemical parameters before the treatment, and 6 and 24 months after treatment, is presented in [Table II](#t0002){ref-type="table"}.

###### 

Biochemical parameters prior to surgery and 6 and 24 months after

  Parameter                           Prior to surgery, mean ± SD       6 months after, mean ± SD        *P*-value
  ----------------------------------- --------------------------------- -------------------------------- ---------------
  Aldosterone level \[pg/ml\]         661.9 ± 420.6                     119.5 ±49.8                      \< 0.001
  Plasma renin activity \[mg/ml/h\]   \< 0.2 (median)                   0.865 (median)                   \< 0.05
  Sodium level \[mmol/l\]             143.6 ±2.2                        141.1 ±2.0                       \< 0.001
  Potassium level \[mmol/l\]          2.84 ±0.6                         4.22 ±0.3                        \< 0.001
  **Parameter**                       **Prior to surgery, mean ± SD**   **24 months after, mean ± SD**   ***P*-value**
  Aldosterone level \[pg/ml\]         661.9 ±420.6                      112.5 ±56.4                      \< 0.001
  Plasma renin activity \[mg/ml/h\]   \< 0.2 (median)                   0.718 (median)                   \< 0.05
  Sodium level \[mmol/l\]             143.6 ±2.2                        140.2 ±1.9                       \< 0.001
  Potassium level \[mmol/l\]          2.84 ±0.6                         4.36 ±0.4                        \< 0.001

In the case of plasma renin activity, the distribution of features was not normal; therefore the rank test was used for statistical calculations.

Complete remission of arterial hypertension (group 1) was achieved in 5 (11.3%) patients, 19 (43.2%) had a partial improvement (group 2), and in 20 (45.5%) the response to the surgery was unsatisfactory (group 3).

The comparison of three groups showed statistically significant differences in age, duration of hypertension and ARS. The remaining analysed parameters were not statistically significant at 6 and 24 months after surgery.

General regression model analysis showed a statistically significant correlation between the age of patients and postoperative recurrence of hypertension ([Table III](#t0003){ref-type="table"}). Only 50% of patients with preoperative ARS 4 or 5 had complete remission of hypertension 6 months after surgery. 37.5% of them were assigned to group 2 ([Table IV](#t0004){ref-type="table"}). In 8 cases hypertension control improved (upgrade to groups with better hypertension control) whereas 5 other patients were downgraded to groups with worse hypertension control. In total, there were changes in 29.5% of the patients ([Table V](#t0005){ref-type="table"}).

###### 

Results after 6 and 24 months

  Parameter                                                     Results after 6 months in groups   Results after 24 months in groups                                                                                
  ------------------------------------------------------------- ---------------------------------- ----------------------------------- ---------------- ------ ---------------- ------------------ ---------------- ------
  Number of patients (%)                                        5 (11.3)                           19 (43.2)                           20 (45.5)               6 (13.6)         20 (45.4)          18 (40.9)        
  Histology type (adenoma/hyperplasia)                          4/1                                14/5                                13/7             0.74   5/1              14/6               13/5             0.81
  Median ARS before surgery (IQR)                               4 (4--5)                           2 (1--3)                            1 (1--2)         0.03   4 (3--5)         1 (1--2)           1 (1--3)         0.02
  Median duration of arterial hypertension (IQR) \[years\]      1 (1--3)                           6 (4--10)                           10 (5--15)       0.04   2.5 (1--5)       6 (4--10)          10 (5--15)       0.09
  Median lesion size in CT (IQR) \[cm\]                         2 (1.9--2.5)                       1.8 (1.4--2.6)                      2 (1.65--2.9)    0.64   1.75 (1.5--2)    1.8 (1.45--2.75)   2.1 (1.6--2.9)   0.41
  Male/female                                                   0.25                               0.36                                0.67             1.00   0.20             0.41               0.67             1.00
  Mean BMI before surgery (SD) \[kg/m^2^\]                      27.92 (5.87)                       27.96 (4.75)                        28.43 (5.47)     0.89   25.68 (6.35)     29.59 (5.64)       27.73 (3.84)     0.22
  Median systolic pressure before surgery (IQR) \[mm Hg\]       140 (130--160)                     140 (140--150)                      140 (140--150)   0.66   145 (140--155)   145 (140--150)     150 (140--150)   0.87
  Median diastolic pressure before surgery (IQR) \[mm Hg\]      90 (90--100)                       90 (90--100)                        90 (80--90)      0.18   90 (90--95)      90 (80--95)        90 (90--100)     0.99
  Mean blood pressure before surgery (SD) \[mm Hg\]             110 (8.8)                          110.8 (5.9)                         106.8 (6.8)      0.24   110.8 (6.3)      107.8 (6.8)        110.0 (6.8)      0.55
  Mean age (SD) \[years\]                                       42.4 (18.8)                        53.68 (10.7)                        59.9 (10.0)      0.01   42.2 (16.8)      53.5 (9.9)         69.5 (9.6)       0.01
  Mean amount of antihypertensive drugs prior to surgery (SD)   1.0 (1.2)                          2.7 (1.2)                           2.5 (0.9)        0.01   1.2 (1.5)        2.9 (1.0)          2.3 (0.9)        0.01

###### 

Preoperative ARS and remissions after 6 months

  Preoperative ARS   Group 1 -- complete remission   Group 2 -- partial remission   Group 3 -- lack of response
  ------------------ ------------------------------- ------------------------------ -----------------------------
  0--1               4.40%                           39.10%                         56.50%
  2--3               0.00%                           53.85%                         46.15%
  4--5               50.00%                          37.50%                         12.50%

###### 

Changes in arterial hypertension remission 6 and 24 months after surgery

  Changes 24 months after surgery in comparison to 6 months after                                 
  ----------------------------------------------------------------- -------- -------------------- --------
  Group 1 to group 2                                                1 (20)   Group 2 to group 1   2 (11)
  Group 2 to group 3                                                4 (21)   Group 3 to group 2   6 (30)

Discussion {#sec5}
==========

Historically, primary aldosteronism, most commonly being Conn's syndrome, has been considered a rare cause of hypertension, responsible for about 1% of cases \[[@cit0012]\]. However, recent data, based on the results of population studies from Central Europe, revised this opinion. Studies have shown that increased aldosterone levels and decreased plasma renin activity are present in up to 10% of cases of hypertension and up to 20% of patients suffering from treatment-resistant hypertension \[[@cit0013], [@cit0014]\].

Generally, it is considered that adrenalectomy is the only treatment leading to complete recovery \[[@cit0015], [@cit0016]\]. When compared to drug treatment, it allows for better management of hypertension, hypokalaemia and left ventricle hypertrophy \[[@cit0005], [@cit0017]\]. Our analysis showed that adrenalectomy provided effective normalization of biochemical parameters. However, in the case of hypertension the normalization is not as satisfactory.

Postoperative complications were observed in 5 (11.3%) patients in total. When analysing our results of LTA operations, we found only 1 patient suffering from a major postoperative complication (ischaemic stroke 2 weeks after surgery). The mortality rate in the postoperative period (6 months after surgery) in our material was 0%. None of the patients required blood transfusions. Our observations are in agreement with results of other authors \[[@cit0005], [@cit0018], [@cit0019]\]. Therefore, we can confirm that laparoscopic adrenalectomy with transperitoneal access for CS is a safe procedure with low risk of complications and should be the gold standard for treatment of this disease \[[@cit0002], [@cit0008], [@cit0020]\]. We observed a different number of lesions localized in left and right adrenal glands. Although we cannot find an explanation for this observation, it is clinically irrelevant since usually there are no differences in perioperative outcomes between left and right adrenalectomy, which is similar to other studies \[[@cit0003], [@cit0020], [@cit0021]\].

In this study we observed normalisation of biochemical parameters (sodium, potassium, aldosterone and ARO) in all patients 6 months after surgery. Similar results were presented in other publications \[[@cit0018], [@cit0022], [@cit0023]\]. Moreover, biochemical parameters remained normal 24 months after surgery. Therefore, we can conclude that there is no need for routine long-term monitoring of these parameters postoperatively in all patients in whom normalisation was observed.

In the case of arterial hypertension, complete remission was obtained in 11.3% of patients and in a further 43.2% of patients partial remission was achieved. The results are significantly worse than the data presented by other authors where up to 30--60% of patients met the criteria of complete hypertension remission \[[@cit0006], [@cit0022], [@cit0024]\]. When comparing this relatively low rate of complete remission of hypertension with the rate of complications one can get the impression that they are similar and for this reason a question arises whether adrenalectomy is indeed a good treatment. However, one has to bear in mind that practically all complications were minor and short-term. This, together with very good biochemical improvements, speaks for the clear benefits of LTA. However, a careful assessment of patients might help to select patients who would not benefit from surgery in terms of hypertension, and such patients must be informed prior to surgery that it probably will not lead to clinical improvement.

Compared with other studies, we only found differences in two parameters: mean age of the cohort and duration of hypertension prior to the surgery -- our patients were in general older with longer history of hypertension. We observed that both of these parameters, in addition to ARS score and the number of antihypertensive drugs, are independent risk factors for persistent hypertension after surgical treatment. In our opinion, that duration of hypertension and hyperaldosteronism prior to surgery may lead to remodelling of the left ventricle and smooth muscle tissue of arteries and can be the cause of persistent hypertension, despite the removal of the cause of hyperaldosteronism \[[@cit0025]\]. In addition, patients' age is an independent risk factor for hypertension after adrenalectomy, as has been confirmed in our and other studies \[[@cit0024], [@cit0026]\]. We assume that some patients in our cohort might have had pre-existing, undiagnosed primary hypertension, imposed with concomitant secondary hypertension associated with CS. In these cases, only a partial remission associated with the removal of the cause of secondary hypertension occurred.

Interestingly, our study did not confirm the predictive value of the ARS. Only 50% of patients with an ARS of 4 or 5 achieved total normalisation of hypertension. This is different from previous results showing hypertension remission rates of over 75% \[[@cit0011], [@cit0024], [@cit0027]\]. Although our analysis showed a significant difference between the ARS score in groups of hypertension remission after surgery, only 2 of 4 parameters included in the ARS were independent factors of normalization of arterial blood pressure in our population. Similar findings were recently published by other authors \[[@cit0028]\].

In our opinion, it seems reasonable to search for more effective tools allowing one to predict resolution of hypertension after surgery caused by CS, as proposed by Utsumi *et al.* \[[@cit0029]\].

Finally, we would like to highlight the variability of hypertension remission during long-term follow-up. Almost 30% of our patients changed their status during 24 months of follow-up (either improved or deteriorated). We did not find any statistically significant differences between these groups, but this observation suggests that all patients after surgery, even those with complete remission of hypertension, require long-term regular blood pressure control \[[@cit0030]\].

A limitation of our study is the relatively small size of the cohort, as well as the wide time span of patient enrolment in the study (almost 12 years), during which trends of hypertension treatment changed, and this may have had an impact on our results. However, we were still able to achieve an appropriate long-term observation, and the analysed cohort allowed us to perform reliable statistical measurements. Finally, since the management of hypertension changes rapidly, we are not able to select a large enough number of patients with only one type of treatment.

Conclusions {#sec6}
===========

Laparoscopic adrenalectomy is a safe method of treatment for CS. Although it effectively eliminates electrolyte imbalance, it does not allow for the complete remission of hypertension in the majority of patients, especially in the elderly group. We did not find the ARS to be an effective tool in predicting postoperative resolution of hypertension.
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